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We consider electromagnetic fields and charged particle dynamics around non-singular black holes
in conformal gravity immersed in an external, asymptotically uniform magnetic field. First, we
obtain analytic solutions of the electromagnetic field equation around rotating non-singular black
holes in conformal gravity. We show that the radial components of the electric and magnetic fields
increase with the increase of the parameters L and N of the black hole solution. Second, we study
the dynamics of charged particles. We show that the increase of the values of the parameters L
and N and of magnetic field causes a decrease in the radius of the innermost stable circular orbits
(ISCO) and the magnetic coupling parameter can mimic the effect of conformal gravity giving the
same ISCO radius up to ωB ≤ 0.07 when N = 3.
PACS numbers: 04.70.Bw, 04.20.Dw
I. INTRODUCTION
General Relativity has a good success in predicting
and describing a number of observations and experi-
ments about gravity. The recent detection of gravita-
tional waves [1] and observation of black hole shadow [2]
can also be considered tests of General Relativity [3, 4],
which successfully passed them. However, the theory
itself is plagued by the problem of singularities. Most
physically-relevant solutions of Einstein’s equation pos-
sess a singular region. The current standard understand-
ing of physical laws cannot accept a singularity and there
are several attempts to resolve the singularity problem
(see, e.g., [5–23]).
One of the examples to resolve the singularity prob-
lem has been proposed in Refs. [19], where, within a
large class of conformally invariant theories of gravity,
singularity-free black hole solutions have been proposed.
The proposed spacetimes are geodetically complete and
the curvature invariants do not diverge at r = 0.
Ref. [24] has been devoted to study the electromagnetic
field around compact starts in conformal gravity. Using
X-ray observations of supermassive black holes (SMBHs),
it was proposed a test of conformal gravity in [25]. The
energy condition and scalar perturbations of the space-
time in conformal gravity have been studied in [26, 27].
Recently, magnetized particle motion around black holes
in conformal gravity in the presence of external magnetic
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fields has been studied in [28]. In this work, we plan to
investigate charged particle motion acceleration around
singularity-free black holes immersed in an external mag-
netic field.
A black hole itself cannot have its own magnetic field.
However the curved spacetime will change the structure
of electromagnetic field surrounding the black hole. The
pioneer work of Wald has been devoted to study the elec-
tromagnetic field around a Kerr black hole immersed in
an external, asymptotically uniform magnetic field [29].
A number of works have been devoted to study the elec-
tromagnetic field and charged particle motion around
compact objects in external magnetic fields [30–54].
The energetic process around black holes can be used
to model the observational features of astrophysical ob-
jects (Relativistic jets, Soft gamma ray repeaters - SGR
and etc.). Different mechanisms of energy extraction
from black holes have been proposed: Penrose pro-
cess [55], Blandford-Znajeck mechanism [56], Magnetic
Penrose process [57–60], and particle acceleration mech-
anism (BSW) [61]. Particularly, in Ref. [61] it was shown
that the center of mass energy of colliding particles near
an extreme rotating Kerr black hole may diverge for the
fine tuned values of the angular momentum of the parti-
cles. Magnetic fields may play an important role in the
charged particle acceleration near black holes [33, 34].
Thus we are also interested to study the effects of con-
formal gravity and magnetic fields on the charged particle
acceleration process.
In this paper, we study the dynamics of charged parti-
cles around black holes in conformal gravity in the pres-
ence of magnetic fields. The paper is organized as fol-
lows: Sect. II is devoted to study the electromagnetic
field around black holes in conformal gravity immersed in
an external, asymptotically uniform magnetic field. The
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2charged particle motion around non-rotating and rotat-
ing black holes in conformal gravity in the presence of
an external magnetic field has been studied in Sects. III
and IV, respectively. In Sect. V, we study the collision of
charged particles near a black hole in conformal gravity.
We summarize our results in Sect. VI. Throughout this
work, we use (−,+,+,+) for the space-time signature
and a system of units where G = c = 1 .
II. ELECTROMAGNETIC FIELD AROUND A
SINGULARITY FREE BLACK HOLE
In this section, we study the electromagnetic field
around a singularity-free black hole in conformal grav-
ity described by the line element
ds∗2 = S(r, θ)ds2Kerr , (1)
where
ds2Kerr = g
K
αβdx
αdxβ , (2)
with
gK00 = −
(
1− 2Mr
Σ
)
,
gK11 =
Σ
∆
,
gK22 = Σ , (3)
gK33 =
[
(r2 + a2) +
2a2Mr sin2 θ
Σ
]
sin2 θ ,
gK03 = −
2Mar sin2 θ
Σ
,
∆ = r2 + a2 − 2Mr, Σ = r2 + a2 cos2 θ ,
and
S(r, θ) =
(
1 +
L2
Σ
)2N+2
, (4)
where a is the spin parameter of the black hole with total
mass M , and L and N are conformal parameters; that
is, parameters related to the conformal rescaling. We
start with considering the electromagnetic field around
a singularity-free black hole immersed in an external,
asymptotically uniform magnetic field aligned along the
direction of the axis of symmetry of the space-time. The
energy momentum tensor of the electromagnetic field
is assumed to be negligibly small, does not change the
spacetime metric, and is of the following order of magni-
tude
B2r3
8piMc2
' 3
400
(
B
103 G
)2(M⊙
M
)( r
1.5 km
)3
. (5)
Using a Killing vector ξµ being responsible for the sym-
metry of spacetime geometry of the black hole, one may
recall the equation
ξα;β + ξβ;α = 0 . (6)
Expressions (6) can be used to have the following equa-
tion
ξα;β;γ − ξα;γ;β = −ξλRλαβγ . (7)
where the Riemann curvature tensor Rλαβγ can be trans-
formed to the Ricci one in the following way
ξα;β;β = ξ
γR αβγβ = R
α
γξ
γ . (8)
For the spacetime of the singularity free rotating black
hole in the conformal gravity, the right hand side of
Eq. (8) can be chosen as Rαγξ
γ = ηα. The Maxwell
equations then can be expressed in the following form
Fαβ;β = −2ξα;β;β + 2ηα = 0 , (9)
where Fαβ is electromagnetic field tensor and can be se-
lected as
Fαβ = C0ξ[β;α] + fαβ = −2C0 (ξα;β) + a[β,α] . (10)
Here C0 is an integration constant and the 4-vector a
α is
a correction to the potential due to the presence of the
conformal gravity parameters responsible for the Ricci
non flatness of the spacetime. The 4-vector aα can be
found from the equation aα = ηα.
The electromagnetic potential then can be written as
the sum of two contributions
Aα = A˜α + aα. (11)
where A˜α is the potential being proportional to the
Killing vectors. To find the solution for A˜α, one can
use the ansatz for the vector potential A˜α of the electro-
magnetic field in the Lorentz gauge in the form A˜α =
C1ξ
α
(t) +C2ξ
α
(ϕ) [29]. The constant C2 = B/2, where the
gravitational source is immersed in a uniform magnetic
field B being parallel to its axis of rotation. The value of
the remaining constant C1 = aB can be easily calculated
from the asymptotic properties of the spacetime (2) at
the asymptotical infinity.
The second part aα of the total vector potential of the
electromagnetic field is produced due to the contribution
of conformal gravity and has the following solution aα ={
kBL2/r, 0, 0, 0
}
, where the expression for the constant
k can be easily found from the asymptotic properties of
the spacetime (2) at infinity [41, 44]. However, since the
effect of conformal gravity is negligibly small at large
distances, one might exclude this part tending k → 0
and use the traditional contravariant expression for the
4-vector potential as in the Kerr case.
3Finally, the components of the 4-vector potential Aα
of the electromagnetic field will take a form
A0 =
aB
(
L2 + Σ
)4 (
2Mr − Σ−Mr sin2 θ)
Σ5
, (12)
A1 = 0 , (13)
A2 = 0 , (14)
A3 =
B sin2 θ
(
L2 + Σ
)4
2Σ5
(15)
× (2a2Mr sin2 θ + a2(Σ− 4Mr) + r2Σ) ,
where, for simplicity, we take N = 1. The components
of the electric and magnetic fields in the frame moving
with four velocity uα read
Eα = Fαβu
β , (16)
Bα =
1
2
ηαβσµFβσuµ , (17)
where the electromagnetic field tensor, Fαβ , in terms of
the four potential can be expressed as
Fαβ = Aβ,α −Aα,β . (18)
Using the the expressions above for the zero angu-
lar momentum observers (ZAMO) with the four-velocity
components
(uα)
ZAMO
≡
√
−g00
(
1, 0, 0,
g03
g00
)
, (19)
(uα)ZAMO ≡
−1√
−g00
(
1, 0, 0, 0
)
,
one can easily find the components of the electromagnetic
field using the expressions in (16)-(18). The nonvanish-
ing orthonormal components of the electromagnetic field
measured by zero angular momentum observers with the
four-velocity that has the form (19) are given by the ex-
pressions in (A1)-(A4) and linear approximation of con-
formal gravity parameter L2 is presented by the expres-
sions in (A5)-(A8) in appendix A.
Fig. 1 shows the radial dependence of the components
of electromagnetic fields in the cases of different values of
the angle θ and conformal gravity parameter L2. Since
the expressions in (A1)-(A4) have a complex form, one
might be interesting to see the structure of the electro-
magnetic fields around BHs in the ZAMO frame, which
is presented in Fig. 2.
In the case of slow rotation (aM) and far distance
(M/r  1), expressions (A1)-(A4) reduce to
E rˆ = −aB
r2
[
8L2
r
+M
(
2 + sin2 θ
)]
, (20)
E θˆ = −2aBM
r2
[
1 +
M
r
]
sin 2θ , (21)
Brˆ = B cos θ , (22)
Bθˆ = B sin θ (23)
×
[
1− M
r
− 8L
2 +M2
2r2
− M
3 − 8ML2
2r3
]
.
From the expressions in (20)-(23), one can see that in
such limits only the components E rˆ and Bθˆ are affected
by conformal gravity while other components (E θˆ and
Brˆ) do not include any contribution from L2 (for the
chosen approximation). The latter is especially clearly
seen for E θˆ in the graphs presented in Fig. 1. In the
limit of flat spacetime, i.e. for M/r → 0, Ma/r2 → 0
and L2/r2 → 0, expressions (A1)–(A4) give the following
limiting expressions: Brˆ = B cos θ, Bθˆ = B sin θ, E rˆ =
E θˆ = 0, being consistent with the solutions for the ho-
mogeneous magnetic field in Newtonian limit.
Figure 3 presents the profiles of magnetic fields around
black holes for different values of spin and conformal pa-
rameter. One can see from the right top and bottom
panels that the conformal parameter forces the parallel
field line to have a dipole-like structure. Finally, bottom
panels give the possibilities of the comparison of the na-
ture of conformal and spin parameters of the black hole.
III. CHARGED PARTICLE MOTION AROUND
A CONFORMAL NON-ROTATING BLACK HOLE
IMMERSED IN A UNIFORM MAGNETIC FIELD
Here we study charged particle motion around a black
hole in conformal gravity in the presence of an external,
uniform magnetic field. The Hamilton-Jacobi equation
for a test particle with mass m and charge q can be writ-
ten as
gµν
( ∂S
∂xµ
− qAµ
)( ∂S
∂xν
− qAν
)
= −m2 . (24)
The solution of equation (24) can be sought in the fol-
lowing form
S = −Et+ lφ+ Sr(r) + Sθ(θ) , (25)
where E = E/m and L = l/m are the specific energy
and the specific angular momentum of the test particle,
respectively.
It is convenient to consider the particle motion on the
equatorial plane plane, where θ˙ = 0 (pθ = 0). Then we
can write
r˙2 + Veff(r; θ) = E2 , (26)
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FIG. 1: Radial dependence of the electric and magnetic fields for different values of θ . All graphics are plotted in the case of
B = 1 and M = 1. Black solid lines correspond to L2 = 0, while dashed red lines and blue dot-dashed lines to L2 = 0.2 and
L2 = 0.4, respectively.
where the effective potential has a form
Veff(r; θ) = f(r)
[
S(r) +
( L
r sin θ
− ωBrS(r) sin θ
)2]
(27)
and ωB = eB/2m is the magnetic coupling parameter,
or the so-called cyclotron frequency, which character-
izes the interaction between the charged particle and the
magnetic field. The effective potential is invariant under
the following transformations: (L,−ωB) ←→ (−L, ωB),
where the Lorentz force acting on the charged particle
is repulsive and has the same direction as the centrifu-
gal force, and (L, ωB)←→ (−L,−ωB), where the Lorentz
force is attractive and has the same direction as the grav-
itational force. Below we analyze the effective potential
(27) for positive angular momenta of the particle and
either positive or negative magnetic coupling parameter.
Fig. 4 shows the radial dependence of the effective po-
tential on the equatorial plane. One can see from Fig. 4
that when ωB > 0 the effective potential is higher than
in the case ωB < 0 and increases with the increase of the
values of parameters L and N . It is worth to note that
at large distances the effect of the magnetic field plays a
more important role than the effect of conformal gravity.
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FIG. 2: Structure of the magnetic and electric fields around a black hole. Blue and red lines correspond to magnetic and
electric fields, respectively.
A. Stable Circular orbits
Now we will consider the innermost stable circular or-
bits of charged particles using following the standard con-
ditions
V ′eff(r) = 0 , V
′′
eff(r) = 0 , (28)
In fact, circular orbits can be stable when the second
derivative of the effective potential with respect to both
coordinates (∂rVeff ≥ 0 and ∂θVeff ≥ 0) is positive and
the ISCO on the equatorial plane corresponds to the zero
value of this derivative ∂rVeff = 0. The angular momen-
tum of circular orbits can be found in the following form
L±cr =
1
4f(r)− 2rf ′(r)
{
r3ωB [S(r)f
′(r) + f(r)S′(r)]
±r3/2
[
4
{
f(r)f ′(r) [2S(r)− rS′(r)]− rS(r)f ′(r)2
}
+f2(r)
{
rω2B [2S(r) + rS
′(r)]2 + 8S′(r)
}]1/2}
. (29)
In order to ensure that we obtain a real solution of
equation (29), we require the function under the square
root to be always positive. Since the second part of the
equation under the square root is always positive, it im-
plies
f(r)f ′(r) [2S(r)− rS′(r)]− rS(r)f ′(r)2 > 0 , (30)
must be satisfied for any values of L and N .
Now we will analyze the distance where Lcr is always
positive i.e. positions where circular motion can occurs
in the equatorial plane.
Fig. 5 illustrates the dependence of the minimum dis-
tance where circular orbits are allowed by the conformal
parameter L for the values of the parameter N . One can
see from this figure that in caseL = 0, such a distance is
r = 3M and is the same as in the Schwarzschild space-
time. The distance decreases with the increase of the
conformal parameter L and the decreasing rate increases
as the parameter N increases.
Fig. 6 shows the radial dependence of the critical value
of the angular momentum for circular orbits. One can see
from this figure that the value of the critical angular mo-
mentum of the charged particle increases in the presence
of an external magnetic field.
The energy of the charged particle at circular orbits
can be obtained substituting Eq. (29) into Eq. (27)
E = f(r)
[
S(r) +
( Lcr
r sin θ
− S(r)ωBr sin θ
)2]
. (31)
Here we will study radial dependence of the energy in the
equatorial plane, where sin θ = 1.
Fig. 7 illustrates the radial profiles of the charged par-
ticle energy in circular orbits on the equatorial plane.
One can see that the magnetic field increases the energy
of the charged particle. One more thing is that the rate
of energy increase in the case of ωB > 0 is higher than
the case of ωB < 0.
6-2 -1 0 1 2
-2
-1
0
1
2  L=0a=0 
-2 -1 0 1 2
-2
-1
0
1
2  L=0a=0.9 
-2 -1 0 1 2
-2
-1
0
1
2  L=1a=0 
-2 -1 0 1 2
-2
-1
0
1
2  L=1a=0.9 
FIG. 3: Magnetic field line profiles around a black hole in the x−z plane for different values of spin parameter a and conformal
parameter L. Units in which M = 1.
In Fig. 8, we present the effect of conformal gravity
and magnetic field on the ISCO radius of charged par-
ticles. One can see from the figure that increasing the
conformal parameters L and N and the magnetic cou-
pling parameter decreases of the ISCO radius.
B. Charged particles trajectories
Now we will study the effects of the parameters of con-
formal gravity on the trajectories of charged particles.
Trajectories of positive and negative charged particles
for absolute values of the magnetic coupling parameter
|ωB | = 0.1 are shown in Fig. 9. All plots in this figure are
taken at the value of the conformal parameter L = M and
trajectories of the charged particles in red lines on first
and fourth rows correspond to the values of the confor-
mal parameters N = 1, black and blue lines correspond
to the conformal parameter N = 4 and N = 8, respec-
tively for the fixed value of the specific angular momen-
tum L = 5M . One can see from the figures that the
specific energy of the charged particles increases with in-
creasing of the conformal parameter N . Moreover, the
orbits of charged particles started at equatorial plane
θ0 = pi/2 become unstable and the particle leaves the
central object at higher values of N . It can be explained
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FIG. 4: Radial dependence of the effective potential of a
charged particle for different values of the conformal, scale,
and magnetic field parameters.
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FIG. 5: Dependence of minimum circular orbits on the con-
formal parameter L for different values of the parameter N .
by the magnetic field structure around the black hole in
conformal gravity which is shown in the third column of
the plots in grey lines that becomes dipol like structure
at the higher values of the parameter N .
3 4 5 6 7 8 9 10
3
4
5
6
7
r/M
ℒ
M
ωB=0
ωB=0.05
ωB=-0.05
FIG. 6: Radial dependence of the specific angular momentum.
Solid, dashed and dot-dashed lines correspond to the values
of the conformal parameters (L,N) = (0, 3), (1, 3), and (1, 1),
respectively. Blue, red and black lines correspond to positive,
negative, and vanishing charge of the particle, respectively.
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8FIG. 9: Trajectories of positively charged particles around a non-rotating black hole immersed in a magnetic field in conformal
gravity. Red, black and blue trajectories correspond to the case N = 1, 4, and 8, respectively, when the conformal parameter
L/M = 1 started from equatorial plane and the distance r0 = 7M . All trajectories have been plotted for the value of specific
angular momentum L = 5. Black dashed lines and gray solid lines correspond to magnetic field lines.
C. Conformal non-rotating black hole versus
Schwarzschild black hole in a uniform magnetic field
In this subsection, we consider two different cases:
the motion of a charged particle around a Schwarzschild
black hole and a non-rotating black hole in conformal
gravity, in a magnetic field, with the same ISCO radius
for the charged particle.
Fig. 11 show that the impact of the conformal parame-
ter L and of the magnetic coupling parameter ωB on the
ISCO radius is the same.
Fig. 12 shows the relation between the conformal and
magnetic coupling parameters L and ωB , for the same
ISCO radius. One can see from this figure that a mag-
netic field can mimic conformal gravity for the values of
the parameter L = 1 and the other conformal parame-
ter N = 1, 2, 3 at ωB ≤ 0.003068, ωB ≤ 0.021015 and
ωB ≤ 0.06771, respectively.
IV. CHARGED PARTICLE MOTION AROUND
CONFORMAL ROTATING BLACK HOLES
IMMERSED IN A UNIFORM MAGNETIC FIELD.
Since the spacetime of a rotating black hole in confor-
mal gravity admits separation of variables on the equato-
rial plane (θ = pi/2) we will study the motion around the
source described by the metric (1) using the Hamilton-
Jacobi equation where the action S can be decomposed
in the form as Eq. (25). Finally we obtain the equation
of motion in the following form (for N = 1):
t˙ = eBa+
Er3 − 2aLM + a2E(2M + r)
r−7∆(L2 + r2)4
(32)
r˙2 = R(r) (33)
φ˙ =
eB
2
+
2aEM + L(r − 2M)
r−7∆(L2 + r2)4
(34)
where
9FIG. 10: As in Fig.9, but for negatively charged particles.
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R(r) =
∆
ΣS(r)
[(
ωBS(r)
((
a2 + r2
)
Σ− 2a2Mr)
Σ
− L
)(
(2Mr(aE − L) + LΣ)
S(r) (Σ (a2 + r2)− 2Mr3) − ωB
)
− 1 (35)
+
(
2MrΣ4(a2E−aL+Er2)
2Mr3−Σ(a2+r2) + 2aωBL
2(L6 + 4L4Σ + 6L2Σ2 + 4Σ3) + (2aωB − E)Σ4
)
S(r)Σ5 (2aωBS(r)(Σ−Mr)− EΣ)−1

One may define the effective potential in the following
form
Veff (r) =
E2 − 1−R(r)
2
. (36)
Radial dependence of the effective potential is pre-
sented in Fig. 14, where graphs are plotted in the case in
which the values of the angular momentum L and energy
E of the particle are chosen to be equal to the values of a
particle moving around the innermost circular orbit; so,
turning points of the lines on the graphs represent the
ISCO radius.
The stability of the equatorial orbits can be checked
by plotting the trajectories of charged particles for given
values of the external magnetic field and the conformal
parameter L as illustrated in Fig. 13 (the z axis is as-
sumed to be parallel to the symmetry axis and the origin
coincides with the centre of the gravitating object). It
is clearly seen from the second row of figures that for
fixed values of the parameters mentioned the trajectory
remains stable.
The value of the ISCO radius can be obtained from the
following standard conditions
R(r) = 0 , (37)
R′(r) = 0 , (38)
R′′(r) = 0 , (39)
with R(r) taking the form (35). The results of equations
(37)-(39) are expressed in Fig. 15, panel a for a vanishing
magnetic field and a non-vanishing spin parameter and
panel b for a non-vanishing magnetic field and a vanish-
ing spin parameter. We can clearly see from the figures
that in the absence of an external magnetic field but non-
vanishing spin parameter the ISCO radius first slightly
increases for small values of the conformal parameter and
then goes down for higher values of L2. In the case of a
vanishing spin parameter but in the presence of an ex-
ternal magnetic field, it always monotonically decreases
with the increase of the conformal parameter L2.
V. CENTER-OF-MASS ENERGY OF
CHARGED PARTICLES COLLISIONS
In this section, we investigate the center-of-mass en-
ergy from collisions of two charged particles near rotating
magnetized black holes in conformal gravity. The general
expression for the center-of-mass energy for two particles
coming from infinity with masses m1 and m2 and four-
velocities uα1 and u
β
2 , respectively, can be found as the
sum of their four-momenta [62, 63]
{Ecm, 0, 0, 0} = m1uµ1 +m2uµ2 , (40)
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a. b. c.
FIG. 13: Trajectories of charged particles on the equatorial plane θ0 = pi/2 for given values of rotation, magnetic and conformal
parameters (the values of the parameters are the same for each column and written in the last row). Units in which M = 1.
Square of the center-of-mass energy can be defined in
(40) and we have
E2cm = m
2
1 +m
2
2 − 2m1m2gµνuµ1uν2 , (41)
after algebraic substitutions, we have the expression in a
dimensionless form
E2cm
m1m2
=
m1
m2
+
m2
m1
− 2gµνuµ1uν2 . (42)
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FIG. 14: Radial dependence of the effective potential of radial motion of a charged particle around rotating quasi-Kerr black
hole in the equatorial plane. The figures correspond to the case of slowly a rotating black hole with a = 0.5. a. without external
magnetic field and b. in the presence of external magnetic field when L = 0.05. Units in which M = 1.
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FIG. 15: Dependence of the ISCO radius on the conformal gravity parameter L2: a. in the absence of an external magnetic
field and b. in the absence of rotation. Units in which M = 1.
Using the expression for the four velocities of the
charged particles around magnetized rotating black holes
in conformal gravity and considering the collision of the
particles with equal mass m1 = m2 and initial energy
E1 = E2 = 1, one may get the expression for the center-
of-mass energy in the following form
E2cm
2m2
= E2cm = 1− gµνuµ1uν2 . (43)
We analyze the center-of-mass energy of the collision
of positive and positive (positive and negative) charged
particles with the magnetic interaction parameter |ω| =
0.1 coming from infinity with initial energy E1 = E2 = 1
and angular momentum L1 = −L = 4.
The radial dependence of center-of-mass energy of col-
lisions of positive-positive and positive-negative charged
particles near a rotating black hole in an external mag-
netic field is shown in Figs. 16 and 17, for different val-
ues of the conformal and spin parameters. One can see
from the figures that the center of mass energy decreases
with the increase of the conformal parameter L and spin
parameter. Moreover, in the case of the collisions of
positive-positive charged particles, the center of mass
energy disappears due to dominated repulsive Coulomb
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FIG. 16: Radial dependence of the center-of-mass energy of two collisions of positively charged particles near a singularity-free
black hole in conformal gravity for different values of the conformal parameter L and the spin parameter a. Units in which
M = 1.
forces. This implies that the collision does not occur
at the point where the energy disappears. The distance
where the center-of-mass energy disappears increases (de-
creases) increasing the conformal (spin) parameter.
VI. CONCLUSION
In this work we have considered dynamics of charged
particles and electromagnetic fields in the vicinity of ro-
tating black holes in conformal gravity immersed in an
external, asymptotically uniform magnetic field. The
study of electromagnetic fields shows that the angular
(radial) component of the magnetic field and the absolute
value of the external magnetic field decrease (increases)
with the increase of both parameters of conformal grav-
ity, L and N , and the increase of the parameters of con-
formal gravity forces the external uniform magnetic field
to have a dipole-like structure.
One may see from the studies of particle dynamics of
charged particles around conformal non-rotating black
holes in the presence of a magnetic field that the min-
imum circular orbits and ISCO radius decrease as with
the increase of the conformal gravity and magnetic cou-
pling parameters and in the case of rotating black holes
the ISCO decreases faster. Moreover, it is shown that
the particle orbits become unstable at higher values of
both conformal parameter as a result of the fact that the
magnetic field gets a dipole structure.
We have studied the effect of conformal gravity on
the ISCO radius of charged particles around non-rotating
black holes in the presence of an external magnetic field.
We have shown that the conformal parameters can mimic
the magnetic coupling parameters when ωB ≤ 0.003068
(ωB ≤ 0.021015, ωB ≤ 0.06771 ) at the values of confor-
mal parameters N = 1 (N = 2, N = 3) while L ∈ (0, 1)
and with increasing of the value of the conformal param-
eter N the mimic value of the coupling parameter ωB
increases.
The studies of center-of-mass energies of collisions of
two charged particles show that the increase of both
conformal and spin parameters causes a decrease in the
center-of-mass energy.
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FIG. 17: As in Fig.16, but for positive and negative charged particle collisions. Units in which M = 1.
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Appendix A: Electromagnetic field components
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E rˆ =
aB
√
∆
2
√QRΣ5/2 (L2 + Σ)
[−40a2L2M2r3 sin2 θ(cos 2θ + 3) + Σ2 (−M cos 2θ (a2 (2r(2M + r)− L2) (A1)
−3L2r2 + 2r4)+ 3a2L2M + 16a2L2r − a2M2r cos 4θ + 5a2M2r − 6a2Mr2 + L2Mr2 + 16L2r3 − 6Mr4)
−MrΣ (a2M cos 4θ (L2 − 2r2)+ 2 cos 2θ (a2 (2L2M + 17L2r − 4Mr2)+ 9L2r3)− 5a2L2M + 6a2L2r
+10a2Mr2 + 22L2r3
)
+MΣ3
((
a2 + 3r2
)
cos 2θ + 3a2 + r2
)]
E θˆ = − aB sin 2θ
2
√QRΣ5/2 (L2 + Σ)
[−20a4L2M2r2 sin2 θ(cos 2θ + 3) + a2MrΣ (− cos 2θ (a2 (17L2 − 4Mr) (A2)
+3L2r(2M + 3r)
)− 3a2L2 + a2Mr cos 4θ − 5a2Mr − 2L2Mr − 11L2r2)+ 4MrΣ3 (a2 + r2)
+Σ2
(
a4
(
8L2 − 3Mr)+ a2r (4L2M + 8L2r − 2M2r − 3Mr2)− a2Mr cos 2θ (a2 + r(6M + r))+ 4L2Mr3)]
Brˆ =
B
2
√RΣ2 (L2 + Σ)
[1
2
a4Mr sin θ
(
Σ sin 4θ + 10L2 sin θ cos 3θ
)
+ 8a2L2MrΣ cos3 θ (A3)
− cos θ (2Σ2 (a2 (L2 − 2Mr + Σ)+ r2 (L2 + Σ))− 4a2MrΣ2 cos 2θ
+ sin2 θ
(
a4
(−35L2Mr + 8L2Σ− 6MrΣ)+ 8a2L2r2Σ)) ]
Bθˆ =
B
√
∆ sin θ√RΣ2 (L2 + Σ)
[
5a2L2Mr2(cos 2θ + 3) + Σ
(
a2M sin2 θ
(
L2 − 2r2) (A4)
−2 (a2 (L2M + 2L2r − 2Mr2)+ 2L2r3))+ Σ2 (a2M sin2 θ − 2a2M + L2r)+ rΣ3]
where we used the following notation
R = 2a2Mr sin2 θ + Σ (a2 + r2)
and
Q = Σ (a2 + r2)−Mr (a2 cos 2θ + a2 + 2r2)
.
E rˆ =
aB
√
∆
Σ5/2
√QR
[
8L2r
{
−2a
2M2r2 sin2 θ(cos(2θ) + 3)
Σ
−Mr ((2a2 + r2) cos 2θ + r2)+ Σ (a2 + r2)} (A5)
+M
(
− 4a2Mr3 sin2 θ(cos 2θ + 3)− rΣ(cos 2θ + 3) (r (a2 + r2)− 2a2M sin2 θ)
+
Σ2
2
((
a2 + 3r2
)
cos 2θ + 3a2 + r2
) )]
,
E θˆ =
aB
√
∆ sin 2θ
Σ5/2
√QR
[
4a2L2
{
2a2M2r2 sin2 θ(cos 2θ + 3)
Σ
+Mr
((
2a2 + r2
)
cos 2θ + r2
)− Σ (a2 + r2)} (A6)
+Mr
(
2a4Mr sin2 θ(cos 2θ + 3) +
1
2
a2Σ
(
cos 2θ
(
a2 + 6Mr + r2
)
+ 3a2 + 2Mr + 3r2
)− 2Σ2 (a2 + r2))] ,
Brˆ =
B cos θ√RΣ2
[
4a2L2 sin2 θ
{
a2 + r2 − a
2Mr(cos 2θ + 3)
Σ
}
(A7)
− (a4Mr sin2 θ(cos 2θ + 3)− 4a2MrΣ cos2 θ + Σ2 (a2 + r2)) ] ,
Bθˆ =
B
√
∆ sin θ√RΣ2
[
4L2r
{
a2Mr(3 + cos 2θ)
Σ
− a2 − r2
}
+ a2M
(
r2 − Σ
2
)
(3 + cos 2θ) + rΣ2
]
(A8)
Here ∧ (hat) stands for orthonormal components of the electric and magnetic fields.
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